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Biophilic design, which translates literally to love of life [1], is a new and popular trend in 
sustainable building design. Architects are applying this style in different building types, 
from offices to schools to hospitals. Research that assesses mental health and cognitive 
benefits of biophilic design in interior environment and immersive reality is ongoing. This 
study intends to determine the capability of immersive virtual environment (IVE) to 
support building design by comparing the psychological and cognitive responses to 
natural elements in an interior environment (In-Situ) and IVE. Thirty-five LSU students 
from undergraduate and graduate levels participated in this experiment. A wearable 
heart rate monitor was used to measure heart rate variability in each condition. 
Individuals performed working memory tests after being exposed to each environment 
(In-Situ and IVE). After completing the working memory tests, they were asked to fill out 
the PANAS survey. The PANAS survey is about the participant's mood at that moment. 
Additionally, if they were doing the IVEs part of the experiment, they were asked to 
answer the IPQ survey. The IPQ survey is about their presence in each virtual reality 
environment.  
Our results demonstrate that participants had a less negative mood, a more positive 
feeling, and a better cognitive performance in a biophilic environment in In-Situ. 
Furthermore, our results indicate that individuals had significantly fewer negative moods 
in a biophilic environment in IVEs. Our results also show that individuals had more 
positive moods in a biophilic environment in IVEs but not at 95% level of significance. 
Additionally, our results show that biophilic design’s effect on cognitive performance is 
not statistically significant. Since biophilic design did not change cognitive performance 
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in IVEs, more studies need to be done to measure the required time to impact cognitive 



















CHAPTER 1. INTRODUCTION 
1.1. Background 
1.1.1. Overview of biophilic design 
From the beginning of incorporating electricity in our buildings, we no longer needed the 
warmth of the sun or cool breezes to stay comfortable. Buildings’ walls became barriers 
between humans and nature. Gradually, human-made interior spaces became larger 
while the inner area of such spaces became darker and more separated from nature. 
You can find an ultimate example of this separation between humans and nature in the 
architecture of the 1960s and 1970s, known as Brutalist architecture. The heavy and 
enclosed building envelopes with limited glazing make climate control economically 
better, but at the same time, they created a big gap between humans and nature. 
During this period of architecture, in 1964, Dr. Erich Fromm, a German-born American 
social psychologist, used the term biophilia for the first time in his book; he described it 
as “the passionate love of life and of all that is alive” [2]. American biologist Edward O. 
Wilson used this term later, describing it as “the urge to affiliate with other forms of life” 
[2]. Wilson argued that biophilia had roots in our humanity and that it created a 
connection between humans and all other creatures [3]. Later, Wilson and his 
colleague, Stephen R. Kellert, introduced the biophilia hypothesis as part of the theories 
of evolutionary psychology [4]. Kellert also introduced biophilic design as a concept that 
can be used to incorporate natural features and systems into an indoor environment to 
create more sustainable interior environments [5]. Later architects like Roger Ulrich, 




1.1.2. What we do and don’t know about biophilic design in IVE 
Although there is a lot of evidence that shows how biophilic design can improve our 
mental and physical health in the long term, research that evaluates biophilic design 
impact on a human in the short time is sparse [6]. There is also limited research about 
the effects of biophilic design in an Immersive Virtual Environment (IVE).   
The construction industry attempts to produce more sustainable buildings at lower 
costs, which leads architects and building engineers to make more suitable sustainable 
decisions in the early stages of design [7]. Since the public is the end-user of a 
construction project, their inputs in a project are crucial in the initial phases of design. 
Technologies like Immersive Virtual Environment (IVE) help designers communicate 
better with the public and enable them to make more sustainable decisions in the early 
stages of design.    
Most studies about the impact of nature and biophilic design on human are limited to 
actual pictures and videos of an environment. While in the early stages of design, 
architects only have a model of a building. This study aims to distinguish that biohilic 
design can impact human mood and working memory in an Immersive Virtual 
Environment created by architectural software. 
1.1.3. Objectives of this Research 
The impact of biophilic design on humans, in reality, can be categorized into three 
groups: stress reduction, cognitive performance, and mood enhancement [8]. To further 
investigate the relationship between humans and biophilic design in an IVE, this 
research study has been designed to test three main hypotheses:  
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 First, natural element exposure in IVE reduces negative moods in the same way 
as natural element exposure in In-Situ. 
 Second, natural element exposure in IVE creates more positive moods in the 
same way as natural element exposure in In-Situ. 
 Third, natural element exposure has the same impact on cognitive performance 
(working memory) in both IVE and In-Situ. 
To answer these questions, I prepared a study to record participants' cognitive 
performance and mood levels after experiencing the actual environment and the virtual 
representation of that environment. Wearable sensors, working memory tests, and 
mood surveys were used to measure these objectives. 
This thesis includes five chapters, which describe the work that has been done to 
answers the research questions. Following is a brief description of the contents of each 
section: 
1.2. Outline of the Thesis 
 Chapter 1 provides a background of biophilia and the biophilic design concept. 
This chapter also briefly explains the aim and objective of this research. 
 Chapter 2 presents a concise collection of literature review, which contains:  
1- History and definition of biophilia, biophilia hypothesis, and biophilic design  
2- Attributes of biophilic design  
3- Human wellbeing and biophilic design 




5- Research that evaluates the impact of biophilic design in virtual reality 
 Chapter 3 discusses the methods and tools used to collect and analyze data.  
 Chapter 4 illustrates the results of the statistical tests on each set of data, 
discusses the results that came from statistical analyses, and explains the 
answers for each objective of this research. 
 Chapter 5 provides conclusions that have been learned by conducting this 
research. This chapter also explains the limitations that were found in this study 













CHAPTER 2. LITERATURE REVIEW 
2.1. History and definition 
2.1. Biophilia  
The term biophilia originates from the Greek words bio (“life”) and philia (“affinity”) [9]. 
The word biophilia means "love of life or living systems" [10]. A German-born American 
social psychologist, Erich Fromm, introduced this term in his book, The Heart of Man: Its 
Genius for Good and Evil [11]. Biophilia highlights the psychological orientation of being 
engaged to all species [10].  
2.1.2. Biophilia hypothesis 
In 1984, an American biologist, Edward O. Wilson, popularized the term biophilia [3]. 
Later in 1993, Wilson introduced the biophilia hypothesis [4]. He described it as a 
tendency in humans to connect with nature and other forms of life [4]. His biophilia 
hypothesis tells us that human connection to nature is part of the human biological 
inheritance.  
2.1.3. Biophilic Design 
According to the U.S. Census Bureau, 80 percent of the U.S. population lives in cities 
[12]. As Kellert described, the human is a bicultural creature, which means humans can 
learn certain behaviors over time [13]. Although in modern times humans face the lack 
of interaction with nature due to urbanization [14], they can make a connection to the 
natural world again. Biophilic design will help humans bring natural elements into their 
buildings. Biophilic design applies natural components or representations of nature into 
the built environment to fulfill the innate human tendency toward nature [5]. Biophilic 
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design is an architectural design approach. It is a thoughtful attempt to understand 
humans’ inherent affinity to affiliate with nature [15]. Designers applied biophilic design 
at both small (building) and big (urban designing) scales. It is considered to have 
physical and psychological benefits for building occupants and city residents [16][17].  
Social ecologists like Stephen R. Kellert recently developed the concept and principles 
of biophilic design [5]; we can see this tendency in the earliest human-made structures. 
Illustration of animals and plants have a long history in architecture. There are many 
cases in the world’s oldest civilizations that show a human tendency to nature. Some 
examples include the gardens of Babylon and the leafy filigrees of Rococo design [8]. 
2.2. Attributes of Biophilic Design 
Stephen Kellert, who is the pioneer of biophilic design, established a framework, known 
as the Attributes of Biophilic Design, to satisfy an experience of nature in the built 
environment [18]. These characteristics are guidelines that architects and designers can 
apply to their designs to promote people’s physical and mental health. 
Kellert categorized these attributes into three main groups:  
1. The first group is called “direct experience of nature” or “Nature-in-the-Space 
Patterns”; these attributes indicate the actual contact with nature in a built 
environment[8][16].  
2. The second group, which is known as “indirect experience of nature” or “Natural 
Analogues Patterns”, indicates a connection with elements that represent nature 
in the built environment [8][16]. 
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3. The third group, known as “experience of space and place” or “Nature-of-the-
Space Patterns”, are spatial features that remind human complexity and order 
that they see in nature [8][16].  
The following table shows attributes of biophilic design which is created by Kellert and 
Calabrese [18]. 
 
Figure 2.1. Attributes of Biophilic Design [16] 
 
2.3. Human wellbeing and biophilic design 
I will review the relationship between humans and biophilic design from three 
perspectives: the evolutionary perspective [19], evidence of the impact of nature on 
humans [8], and a typology of values of nature [20]. 
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2.3.1. Evolutionary perspective  
One way of studying human behavior and psychology is through the evolutionary 
perspective [19]. Forces of evolution have shaped modern humans. The concept of an 
Environment of Evolutionary Adaptation (EEA) was introduced by John Bowlby [19]. 
Bowlby describes the environment to which a species is adapted. The content of an 
Environment of Evolutionary Adaptation (EEA) is used to designate the conditions in 
which humans spent over 99% of their evolutionary history [19][21][22]. The concept of 
adaptation is useful for understanding the human mind and human behavior [19]. 
Due to urbanization, the environment that humans now experience is different from 
EEA. Urban living is the new phenomenon that most of the world’s population now 
faces. Nearly half the world's population are city dwellers [23]. According to Sharp,  
“Urbanization will continue to accelerate in the coming decades” [24]. Six out of every 
ten people will live in cities by 2013 [25]. This number will rise to seven out of ten people 
by 2050 [25]. Although urbanization has advantages such as the ease of access to 
essential amenities, there is a connection between the rate of urbanization and a global 
decrease of access to natural surroundings, which causes environmental problems 
[16][23]. It reduces our connection to nature, which is an integral component of the 
human EEA. 
Based on the National Human Activity Pattern Survey (NHAPS) humans spend 87% of 
their time in a built environment [26], which is causing a disconnect between humans 
and nature [35]. In modern societies, buildings are becoming barriers between humans 
and the natural environment [27]. The design concept that enables human to reconnect 
with nature is biophilic design. 
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We can consider plants as a vital need for humans during their evolutionary history [28]. 
Plants were food resources, shelters, and indicators of water in a given area [28]. The 
presence of plants is an essential part of human EEA and has an impact on human 
mental health and wellbeing [28]. 
2.3.2. Nature’s effect on humans 
Studies provide evidence that exposure to nature has positive results on humans 
mentally [29], physically [30], and economically [31]. These beneficial impacts can 
happen through active [32] or passive [33] involvement with nature. 
To further investigate the impacts of nature on humans, we need to know why 
connecting to nature is beneficial for humans. Ulrich points to three possible advantages 
[34]:  
1- Being in nature is associated with physical activity, which boosts health [34].  
2- Nature activities cause socializing, which has the potential to improve health [34].  
3- Nature makes humans free from everyday routines [34].  
A study shows that people who live in urban green spaces have significantly better 
mental health [35] and health-related behaviors [36]. Living in crowded cities increases 
stress-related disorders [37]. Stress negatively impacts psychological and physical 
health [38]. Mental disorders are the second world's most significant disease [39]. 
Studies show that the number of people who took a day off from work for psychiatric 
disease doubled between 2000 and 2010 in Germany [40]. In North America, around 
40% of work absences are related to depression [39]. However, studies show spending 
time in nature can have a positive impact on mood states and stress [41]. Studies 
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provide evidence that exposure to green space increases physical activity, which has 
positive effects on psychological health [42]. Restorative environments are natural 
places that allow recovery from stress [29]. Exposure to nature reduces negative mood 
states and enhances positive emotions [29]. 
Some studies show that spending time in nature has a significantly positive effect on 
human physical health [42]. Exposure to green space increases physical activity, which 
has positive impacts on physical health [42]. There is evidence that short leisurely visits 
to a forest and spending time in nature have positive effects on human immune function 
[17]. Some studies show that spending time in a natural environment decreases risk of 
coronary heart disease and stroke [30]. Also, contact with nature has some healing 
benefits for patients in hospitals. Studies by Ulrich show that having a view through a 
window influences recovery from surgery [43]. Exposure to natural elements, be it a 
direct connection with nature, a view of the natural environment, an indirect connection 
with nature, or a wood interior in a hospital room, improves the healing process of 
patients [33]. 
Studies have revealed that adding biophilic elements to offices can increase productivity 
and workplace satisfaction [44]. It can also reduce stress, enhance well-being, and 
create a collaborative work environment [44]. Data are outlining better cognitive 






2.3.3. A typology of values of nature  
Relationships between human well-being and environment can also be understood by 
nine biophilic expressions that were adapted by Meltzer and colleagues from Kellert 
[20].  
Table 2.1. A typology of values of nature [20] 
Aesthetic Physically appealing 
Dominionistic Mastery or control over nature 
Humanistic Emotional bonding with nature 
Moralistic Ethical or spiritual connection to nature 
Naturalistic Exploration of nature 
Negativistic Fear and aversion of nature 
Scientific Knowledge and understanding of nature 
Symbolic Nature as a source of language and imagination 
Utilitarian Nature as a source of material and physical benefit 
 
2.4. Research and studies to determine the benefits and potential issues of 
biophilic design 
Researchers conduct studies in two ways 1-Empirical Studies in an Outdoor 
Environment which is helpful for urban design and 2- Empirical Studies in an Indoor 





2.4.1. Empirical studies in an outdoor environment 
Field studies show the benefit of nature on humans. People who experience 
environments that have natural elements like trees tend to feel safer and more 
comfortable [47] [48]. They have greater stress reduction [39] and improvements in 
mental health and tranquility [49]. Experiencing natural environments lowers blood 
pressure and heart rate [50]. Natural light positively impacts the circadian system 
functioning in students [51]. Doing activities in natural settings like garden or forest 
positively impacts attitude and overall happiness [52]. Exercise in nature improves 
mental health [53] and human immune function [17]. 
2.4.2. Empirical studies in an indoor environment 
Some studies show the impact of interior elements of biophilic design on humans. 
Evidence shows rooms that have a view of nature can rapidly lower the diastolic blood 
pressure [54] and heart rate [55][56] of occupants. It also improves heart rate recovery 
from low-level stress [57]. Biophilic design in interior environments positively impact 
comfort, well-being, and productivity [58], as well as perceived improvements in mental 
health [59]. Studies show that stress recovery is faster with exposure to pleasant nature 
sounds [60]. Thermal comfort in a naturally ventilated environment improves the 
perception of temporal and spatial pleasure [61]. Elements that represent nature in an 
interior setting, like an aquarium, increase attention and exploration [62]. 
2.5. Research on biophilic design using virtual reality. 
Although there are minimal studies that investigate the effect of Immersive Virtual 
Environment (IVE) in biophilic design, there are studies on the impact of pictures or 
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videos of nature on human mental and physical health. Typically, showing images of 
nature to participants improves their comfort [63], therapeutic reactions [64], and 
creative performance [65] and reduces their stress [66]. Also, studies show that colors 
we see in the natural environment like blue or green create more positive emotional 
responses in human [67]. Some studies show that using technology like a plasma 
display window will not produce the same positive impact that a real window does on 
humans [57]. 
Some studies show that watching a natural environment in an IVE can distract patients 
during painful medical procedures [68]. There is also evidence that shows inpatients 
who use IVE describe it as a condition that can decrease pain and anxiety [69].  
The Harvard T.H. Chan School of Public Health has made a valuable effort to 
investigate how IVE can impact biophilic design. This study measures the impact of 
biophilic design in the short term and virtual reality environments by measuring three 
categories: physiological response, cognitive function, and self-reported emotion 
change [70]. Results of this study show that participants had lower blood pressure and 
skin conductance levels from baseline when they were in the biophilic environment in 
both actual short term exposure and VR exposure of the experiment [70]. In this study, 
the following three tasks were used to measure cognitive performance in the physical 
and virtual environment: visual backward digital span task, visual reaction time task, and 
Stroop task. Results of this study show that in the visual backward digital span task 
participants scored 14% higher in the biophilic environment compared to the no-biophilic 
environment, but their performance in the visual reaction time task and the Stroop task 
was not statistically significant [70]. Also, “Physical and virtual biophilic exposure had a 
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similar impact on participants' cognitive performance” [70]. Finally, “participants reported 
reduced negative emotion and increased positive emotion in the biophilic environment” 
[70]. 
2.6. Why is this research needed? 
The construction industry is trying to produce buildings with sustainable designs [7]. The 
benefits of sustainable buildings are the environmental benefits, economic benefits, 
social benefits, and architectural benefits [7]. It would be very costly to change design 
decisions during or after construction, so it would be better to make them as early as 
possible [71]. 
Architects usually use 2D drawings to communicate their ideas in the design phase of a 
project, but 2D illustration becomes very weak when architects want to share their plans 
with the public. 3D rendering can help designers in this phase. Technology has 
advanced this 3D model. Recently, technology like IVE assists architects in showing 
their ideas to their clients more easily [72].  
Although there is research that shows the impact of being exposed to nature on humans 
in IVE, most of this research used actual videos or pictures to create an immersive 
virtual environment. In this study, I built each environment by using a design software, 
Revit, and transformed the model to be visible in the virtual environment by Unreal 
engine. Thus, designers can detect the impact of biophilic design in the early stages of 





CHAPTER 3. METHODOLOGY 
3.1. Subjects Inclusion Criteria 
Thirty-five LSU students participated in the experiment; subjects attended the test 
voluntarily, and they were not compensated. Below, a table summarizes the inclusion 
criteria. 
Table 3.1. Inclusion Criteria 
 
Following are demographic data of participants:  
 
 
























21 22 23 24 25 26 27 28 29 31 34
Age 18-30 years 
Sex Men and women (non-pregnant by self-report) 
Consent 
Willingness to sign written informed consent and to 




Graph 3.2. Gender Distribution 
 
 
Graph 3.3. Race Distribution 
 
 



















White Middle Eastern Hispanic or Latino Asian Other
Education Population
College graduate 3
High school graduate 1
Post graduate degree 2
Some colllege 28






College graduate High school graduate




3.3. Two condition  
Researchers used MMR BIM Cave and a study area in Patrick F. Taylor Hall at LSU as 














Figure 3.2. No-Biophilic Environment 
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Figure 3.3. Experiment Conditions 
3.3. Experiment Procedure 
Each participant completed the experiment in two separate days with a few days in 
between. In each visit, participants were randomly assigned to experience biophilic and 
no-biophilic environments in either an Immersive Virtual Environment (IVE) or an In-Situ 
environment. The following paragraphs explain the IVE and the In-Situ environments 
briefly.    
In-Situ Experiment: The experiment begins by completing a pre-experiment 
questionnaire followed by the device set-up. Then participants are asked at random to 
explore either the biophilic or the no-biophilic room for 5 minutes; this period was 
determined based on another similar study [6]. After the experiment, participants are 
asked to complete a memory quiz and a mood questionnaire, which takes 
approximately 15 minutes. Then, participants are asked to change rooms and repeat 




Figure 3.4. Summary of Visit Schedule (In-Situ Experiment) 
 
Immersive Virtual Environment: The experiment starts by device setup and a short 
orientation section, and then participants are asked to explore the virtual room with 
biophilic design or no-biophilic design for 5 minutes. After experiencing the virtual 
environment, s/he is asked to complete a working memory test, which takes 
approximately 5 to 10 minutes. Then s/he is asked to take off the Head-Mounted Device 
(HMD) and fill out mood and presence survey. Afterwards, s/he is asked to put on the 
HMD and explore the other environment for 5 minutes. Then, s/he is asked to repeat the 
same steps in a different situation. The experiment lasts about one hour. 
10 Minutes
• Device Setup (i.e. HR sensor)
5 Minutes
• Pre-experiment questionnaire  
5 Minutes
• Exposure to the biophilic (Environment) e.g. explore the environment…. (Eye 
Direction Recording (Using Camera))
15 Minutes
• Questionnaire (PANAS/Short Memory)
5 Minutes
• Exposure to the no biophilic (Environment) e.g. explore the environment…. (Eye 
Direction Recording (Using Camera))
15 Minutes




Figure 3.5. Summary of Visit Schedule (IVE Experiment) 
 
3.4. Data Collection Methods  
3.4.1. Heart rate 
In this study, a wireless electrode-based heart rate monitoring tool, called POLAR Ft7, 
was used. This device was used to measure the heart rate (HR) of participants.  Data 
were also read and recorded by Heart Rate Variability Logger application. I used a free 
heart rate variability analysis software to analyze the collected data.  
 
10 Minutes
• Device Setup (i.e. HR sensor) 
5 Minutes
• Orientation (get familiar with navigating in VR)
5 Minutes
• Exposure to the biophilic (Environment) e.g. explore the environment…. (Eye 
Direction Recording (Using Camera))
5 Minutes
• Working Memory test 
5 Minutes
• Questionnaire (PANAS) & Presence 
5 Minutes
• Exposure to the no biophilic (Environment) e.g. explore the environment…. 
(Eye Direction Recording (Using Camera))
5 Minutes
• Working Memory test 
5 Minutes




Figure 3.6. POLAR Ft7 
 
3.4.2 Head Mounted Device (HMD) 
Participants view the virtual environment of the study area and CAVE through a Head-
Mounted Device (HMD). The HMD for this study was the Vive-Pro which supports a 
2,880 x 1,600 resolution on a dual-OLED display.  
 
Figure 3.7. Vive-Pro 
 
3.5 Surveys  
Surveys were created using online software, Qualtrics. In this study three questionnaire 
were used: 




3- IPQ  
3.5.1. PANAS 
PANAS stands for Positive and Negative Affect Schedule. It is a self-report 
questionnaire that consists of 20 questions. These 20 questions include two groups, 10-
items measuring the positive affect and the other 10-items measuring the negative 
affect. Each item is graded on a 5-point scale of 1 (not at all) to 5 (very much). It takes 
approximately 5 minutes for each participant to complete PANAS. “Non-clinical studies 
have found the PANAS to be a reliable and valid instrument in the assessment of 
positive and negative affect” [73]. The PANAS survey is in APPENDIX A. 
3.5.2. Presence  
I used the Igroup Presence Questionnaire (IPQ) in this study. The IPQ is a scale for 
checking the feeling of presence experienced in an Immersive Virtual Environment (IVE) 
[74]. 
This version of the IPQ includes three subscales and one additional general item which 
did not belong to the three subscales. These subscales are independent factors that 
developed from principal component analyses [74]. They are: 
1- Spatial Presence: measures the feeling of being physically present in the 
Immersive Virtual Environment (IVE) 
2- Involvement: measure how much participants are paying attention to the IVE and 
the engagement they experienced 
3- Experienced Realism: measures the sense of realism in IVE 
You can find the IPQ survey in APPENDIX B. 
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3.6. Working Memory 
Throughout the working memory test, participants answered 60 questions (20 shapes, 
20 colors, 20 shapes & colors); the order of items was randomized. 
To create each question, eight colors were used: cyan, orange, red, yellow, blue, purple, 
brown, and green (Figure 3.8) [75]. Also, twelve shapes were used (Figure 3.9) [76]. 
Each question includes four slides. The first slide asks if the participant is ready to start; 
in this part the participant can press the space bar or say yes to see the first image. The 
first image lasts for 500ms; after that, a blank page lasts for 900ms. After that, the 
participant sees either the same image or another image. In each part, ten questions 
are the same, and ten questions are not the same. The following color palette and 
shapes were used to create the 60 items. 
 




Figure 3.9. Shapes 
 
The following pictures show two examples, one for the same and one for not the same, 
in each category.  
 




Figure 3.11. Color - Same 
 
 





Figure 3.13. Shape - Same 
 
 




Figure 3.15. Color & Shape - Same 
 
3.6. Statistical Analysis  
I used SPSS and SAS to analyze the collected data. Paired-Samples T-test and mixed 
model were used to check reliability. To check the internal consistency in PANAS data, 
Cronbach's alpha was used. 
3.6.2. Cronbach's alpha 
Cronbach's alpha measures internal consistency to show how closely related a set of 
items are as a group. Cronbach's alpha checks the scale of reliability [77]. “Cronbach’s 
alpha can be written as a function of the number of test items and the average inter-
correlation among the items” [79].   
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2  ) 
Where σ𝑥
2 is the variance of the observed total test scores, and σ𝑦𝑖
2  is the variance of 
component i for the current sample of persons. 
Table 3.1. Cronbach's alpha [78] 
Cronbach's alpha Internal consistency 
0.9 ≤ α Excellent 
0.8 ≤ α < 0.9 Good 
0.7 ≤ α < 0.8 Acceptable 
0.6 ≤ α < 0.7 Questionable 
0.5 ≤ α < 0.6 Poor 








CHAPTER 4. DATA & ANALYSIS 
4.1. Cronbach's alpha - PANAS 
Cronbach's alpha indicates that internal consistency is good in negative affect, and it is 
excellent in positive affect.  
 
Figure 4.1. Cronbach’s alpha Result 
 
Result shows: NA: 0.8 ≤ α < 0.9 = Good 
                       PA: 0.9 ≤ α = Excellent 
4.2. NA – PANAS 





Table 4.1. Descriptive Statistics and t-test Results for Negative Affect in In-Situ 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
Negative 
Affect 
11.73 2.55  12.80 3.93 30 -2.02 , -0.11 0.77 -2.28 20 
* p < .05. 
 
Table 4.2. Descriptive Statistics and t-test Results for Negative Affect in IVE 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
Negative 
Affect 
12.00 2.67  13.53 5.05 30 -2.99 , -0.07 0.64 -2.15 29 
* p < .05. 
 
A paired samples t-test for In-Situ showed a statistically significant decrease in negative 
affect (NA) scores from biophilic (M = 11.73, SD = 2.55) to no biophilic (M = 12.80, SD = 
3.93), t (29) = -2.28, p = 0.03 (two-tailed). The mean decrease in NA scores was 1.07 
with a 95% confidence interval ranging from -2.02 to -0.11. These results suggest that 
biophilic design influences negative affect in In-Situ. Specifically, our results suggest 
that biophilic design decreases negative affect in In-Situ. 
A paired samples t-test for IVE showed a statistically significant decrease in negative 
affect (NA) scores from biophilic (M = 12.00, SD = 2.67) to no biophilic (M = 13.53, SD = 
5.05), t (29) = -2.15, p = 0.04 (two-tailed). The mean decrease in Negative Affect scores 
was 1.53 with a 95% confidence interval ranging from -2.99 to -0.07. These results 
suggest that biophilic design influences negative affect in IVE. Specifically, our results 




Figure 4.2. Mixed model Negative Affect 
 
Mixed model also approved this result as seen in the above figure (4.2); the p-value for 
IVE is 0.34, which is higher than 0.05, which means IVE does not significantly change 
negative moods. It also shows the p-value for biophilic is 0.01, which is less than 0.05, 
which means biophilic significantly changes negative moods. 
Graph 1 compares the number of people who made a higher negative affect score in 
two conditions: biophilic and no biophilic. 
Graph 2 compares the mean value of negative affect in four conditions: biophilic In-Situ, 
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4.2. PA – PANAS 
APPENDIX D provides positive affect data 
Table 4.3. Descriptive Statistics and t-test Results for Positive Affect in In-Situ 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
Positive 
Affect 
27.57 8.59  23.90 8.26 30 1.74 , 5.59 0.81 3.90 29 
* p < .05. 
 
Table 4.4. Descriptive Statistics and t-test Results for Positive Affect in IVE 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
Positive 
Affect 
28.97 8.78  26.97 9.32 30 -0.13 , 4.13 0.80 1.92 29 
* p < .05. 
 
A paired samples t-test showed a statistically significant increase in positive affect (PA) 
scores from biophilic (M = 27.57, SD = 8.59) to no biophilic (M = 23.90, SD = 8.26), t 
(29) = 3.90, p = 0.001 (two-tailed). The mean increase in positive affect scores was 3.67 
with a 95% confidence interval ranging from 1.74 to 5.59. These results suggest that 
biophilic design changes positive affect in In-Situ. Specifically, our results suggest that 
biophilic design increases positive affect in In-Situ. 
A paired samples t-test showed marginally statistically significant increases in positive 
affect (PA) scores from biophilic (M = 28.97, SD = 8.78) to no biophilic (M = 26.97, SD = 
9.32), t (29) = 1.92, p = 0.065 (two-tailed). The mean increase positive affect scores 
was 2.00 with a 95% confidence interval ranging from -0.13 to 4.13. These results 
34 
 
suggest that biophilic design has a marginal effect on positive affect in IVE. Specifically, 
our results suggest that biophilic design increases positive affect in IVE. 
 
Figure 4.3. Mixed model Positive Affect 
 
Mixed model also approved this result as seen in the above figure (4.3); the p-value for 
IVE is 0.0058, which is less than 0.05, which means IVE significantly changes positive 
moods. It also shows p-value for biophilic is 0.0005, which is less than 0.05, which 
means biophilic significantly changes positive moods. 
Graph 3 compares the number of people who made a higher positive affect score in two 
conditions: biophilic and no biophilic. 
Graph 4 compares the mean value of positive affect in four conditions: biophilic In-Situ, 




Graph 4.3 Population Who Made Higher Positive Affect Score In Each Condition In Each Approach 
 
 
Graph 4.4. Mean Positive Affect Value in Each Condition 
4.4. Presence 
APPENDIX I, J, K, and L include data for presence. Pairwise t-test for presence data 
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significant difference between biophilic environments versus no-biophilic environments. 
However, there is a statistically significant difference between involvements in biophilic 
versus no-biophilic environments.  
Table 4.5. Descriptive Statistics and t-test Results for General Presence in IVE 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
IPQ - General 70.67 17.21  70.67 19.46 30 -6.79 , 6.79 0.51 0.00 29 
* p < .05. 
 
There was not a significant difference in the scores for general biophilic (M = 70.67, SD 
= 17.21) and general no biophilic (M = 70.67, SD = 19.46) conditions; t (29) = 0.00, p = 
1.00. 
Table 4.6. Descriptive Statistics and t-test Results for Spatial Presence in IVE 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
IPQ - Spatial 
Presence  
73.07 8.85  73.87 9.02 30 -4.67 , 3.07 0.33 -0.42 29 
* p < .05. 
 
There was not a significant difference in the scores for Spatial Presence biophilic (M = 
73.07, SD = 8.85) and Spatial Presence no biophilic (M = 73.87, SD = 9.02) conditions; t 





Table 4.7. Descriptive Statistics and t-test Results for Involvement Presence in IVE 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
IPQ - 
Involvement 
59.50 7.47  65.33 11.29 30 -9.05 , -2.62 0.65 -3.70 29 
* p < .05. 
 
There was a significant difference in the scores for Involvement biophilic (M = 59.50, SD 
= 7.47) and Involvement no biophilic (M = 65.33, SD = 11.29) conditions; t (29) = -3.70, 
p = 0.001. 
Table 4.8. Descriptive Statistics and t-test Results for Realness Presence in IVE 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
IPQ – 
Realness 
62.00 12.43  59.67 14.62 30 -1.85 , 6.51 0.67 1.14 29 
* p < .05. 
 
There was not a significant difference in the scores for Spatial Presence biophilic (M = 
62.00, SD = 12.43) and Spatial Presence no biophilic (M = 59.67, SD = 14.62) 
conditions; t (29) = 1.14, p = 0.263. 
4.5. Working Memory 
Working Memory data can be found in APPENDIX E, F, G, and H. 
Table 4.9. Descriptive Statistics and t-test Results for Working Memory in In-Situ 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   





84.28 6.20  81.72 6.10 30 0.25 , 4.86 0.50 2.27 29 
* p < .05. 
 
Table 4.10. Descriptive Statistics and t-test Results for Working Memory in IVE 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
Working 
Memory 
82.33 5.58  81.72 6.42 30 -1.74 , 2.96 0.46 0.53 29 
* p < .05. 
 
A paired samples t-test showed a statistically significant increase in working memory 
(WM) scores from biophilic (M = 84.28, SD = 6.20) to no-biophilic (M = 81.72, SD = 
6.10), t (29) = 2.27, p = 0.031 (two-tailed). The mean increase in working memory 
scores was 2.56 with a 95% confidence interval ranging from 0.25 to 4.86. These 
results suggest that biophilic design affects working memory in In-Situ. Specifically, our 
results suggest that biophilic design increases cognitive performance in In-Situ. 
A paired samples t-test did not show a statistically significant increase in working 
memory (WM) scores from biophilic (M = 82.33, SD = 5.58) to no-biophilic (M = 81.72, 
SD = 6.42), t (29) = 0.53, p = 0.599 (two-tailed). The mean increase working memory 
scores was 0.611 with a 95% confidence interval ranging from -1.74 to 2.96. These 




Figure 4.4. Mixed model Working Memory 
 
Mixed model also approved this result as seen in the above Figure (4.4); the p-value for 
IVE is 0.1787, which is higher than 0.05, which means IVE does not significantly change 
cognitive performance. It also shows p-value for biophilic is 0.0351, which is less than 
0.05, which means biophilic design significantly varies cognitive performance. Mixed 
model information shows the p-value for both virtual reality and biophilic is 0.2567, 
which is not significant. 
Graph 5 compares the number of people who made a higher working memory score in 
two conditions: biophilic and no biophilic. 
Graph 6 compares the mean value of working memory in four conditions: biophilic In-
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4.6. Heart Rate 
 APPENDIX I provides Heart Rate data. Autonomic nervous systems (ANS), which 
includes Sympathetic Nervous System (SNS) and parasympathetic nervous systems 
(PNS), are reflected in the LF and HF bands in heart rate variability (HRV) [80]. Since 
the participant was not doing a task and they were in resting position, LF was chosen. 
But comparing LF in four conditions did not show a statistically significant difference 
between data.  
 
Figure 4.5. T-test LF 
4.7. Discussion 
In this section, three hypotheses that were mentioned in chapter one will be analyzed 





Table 4.11. Descriptive Statistics and t-test Results for Negative Affect, Positive Affect, and Working Memory in In-
Situ 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
Negative 
Affect 
11.73 2.55  12.80 3.93 30 -2.02 , -0.11 0.77 -2.28 20 
Positive 
Affect 
27.57 8.59  23.90 8.26 30 1.74 , 5.59 0.81 3.90 29 
Working 
Memory 
84.28 6.20  81.72 6.10 30 0.25 , 4.86 0.50 2.27 29 
* p < .05. 
 
Table 4.12. Descriptive Statistics and t-test Results for Negative Affect, Positive Affect, Working Memory, and 
Presence in IVE 
 Biophilic  No-biophilic  95% Confidence 
Interval of the 
Difference 
   
Outcome M SD  M SD n r t df 
Negative 
Affect 
12.00 2.67  13.53 5.05 30 -2.99 , -0.07 0.64 -2.15 29 
Positive 
Affect 
28.97 8.78  26.97 9.32 30 -0.13 , 4.13 0.80 1.92 29 
Working 
Memory 
82.33 5.58  81.72 6.42 30 -1.74 , 2.96 0.46 0.53 29 
IPQ - General 70.67 17.21  70.67 19.46 30 -6.79 , 6.79 0.51 0.00 29 
IPQ - Spatial 
Presence  
73.07 8.85  73.87 9.02 30 -4.67 , 3.07 0.33 -0.42 29 
IPQ - 
Involvement 
59.50 7.47  65.33 11.29 30 -9.05 , -2.62 0.65 -3.70 29 
IPQ – 
Realness 
62.00 12.43  59.67 14.62 30 -1.85 , 6.51 0.67 1.14 29 




4.7.1. Natural element exposure in IVE reduces negative mood in the same way as 
natural element exposure in In-Situ 
Based on the result, I must accept the first hypothesis; natural element exposure in IVE 
reduces negative mood in the same way as natural element exposure in In-Situ. 
4.7.2. Natural element exposure in IVE creates more positive moods in the same 
way as natural element exposure in In-Situ 
Natural element exposure creates more positive moods in In-Situ, but the difference that 
natural element creates in IVE is marginal. It may be due to participant involvement. 
Participants who had more involvement in a no-biophilic environment in IVE also had 
higher positive moods in the no-biophilic environment. This means involvement in IVE 
can change people’s positive mood. Two participants who were more involved in no-
biophilic environment and had more positive mood in no-biophilic environment said that 
the contrast between the video part versus model in the biophilic environment was 
continually reminding them that they are in an IVE environment, not a real environment. 
Perhaps this problem caused them to not be involved as much as they were in the no-
biophilic environment. One participant also mentioned that he felt a sense of 
disorientation and did not feel connected in the biophilic IVE, because the day that he 
was doing the IVE part of the experiment was a rainy day while the light condition and 
video part of the model for the biophilic environment were set and recorded on a sunny 
day. He said this disconnection between reality and the IVE made the biophilic IVE 
model more unrealistic for him; he also said that in the no-biophilic environment, there 
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was no window to the outside, and light conditions were artificial, so he did not feel 
disconnection in the no-biophilic environment.   








PA (NO BIOPHILIC) 
VR 
person 2 70 75 40 40 
person 7 50 65 19 23 
person 14 35 45 33 34 
person 18 50 50 47 43 
person 20 60 70 34 38 
person 23 65 70 26 33 
person 27 65 65 23 29 
 
5.7.3. Natural element exposure has the same impact on cognitive performance 
(working memory) in both VR and In-Situ 
Working memory performance in the In-Situ biophilic environment was significantly 
different than in the In-Situ no-biophilic environment, and the mean value in the biophilic 
environment in In-Situ was higher, but in IVE the alpha is higher than 0.05, which 
means it is not significantly different. Thus, based on our data, I cannot accept the third 
hypothesis in this experiment.  
This means Biophilic design in IVE does not have the same effect of Biophilic design in 
In-Situ. Although in another study short term memory has been improved in the biophilic 
environment and IVE did not affect cognitive performance [6], in this study, means of 
working memory is not significantly different in IVE. In the other study, they used a 3rd 
camera to record a built environment and played that for participants. In our study, 
everything was created by gaming program “real engine” so there can be the feeling of 




This study shows a short-term exposure in In-Situ increases positive mood and working 
memory and decreases negative mood. It also indicates that an IVE can be used to 
create less negative moods. More studies need to be done to investigate the impact 
biophilic design has on positive moods in IVE. Participants had higher positive affect 
scores when they were in the biophilic environment in IVE, but those improvements 
were not statistically significant at the 95% confidence level. From my research I 
learned that when I apply a real video to the model, the contrast between the level of 
detail in the model and the video distracted some participants. More studies need to be 
done to investigate if not using real video can increase the confidence level.  
The author decided to do this research to understand the capability of an immersive 
virtual environment for biophilic design because most of the investigations in this area 
are limited to videos or pictures of a built environment. This study is the first step to see 
what limitations and failures exist in measuring biophilic design impact in IVE in order to 
use them later in the design phase of a project.    
The opportunities to do research in Immersive Virtual Reality and biophilic design are 
still numerous. For instance, current research studies are limited to using spaces that 
have already been built. To make experiments more flexible, it may be a better idea to 
make a small room that has biophilic elements by using materials like chipboard or 
cardboard that can be easily altered, instead of using existing spaces. Thus, it would be 
easier to manipulate some design aspects of the environments and examine the impact 
of changes in IVEs versus in-situ. 
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Other future studies that can be helpful in IVE could be about merging existing photos 
and videos to the designed model. Architects usually use pictures of existing 
landscapes to create renderings; image editing software like Photoshop enables 
designers to make their rendering very similar to real pictures so that their design is part 
of the whole image or scene, but there are limitations to use videos and photos and 
make them part of the IVE model. In this study, some participants claimed that 
disconnection between videos and models was bothering them. Future studies can 
investigate if making the outside environment in the model creates positive feelings in 
people. How significantly different can a video of a natural component in IVE versus a 
model of a natural component in IVE be? 
More work needs to be done to see the impact of other attributes of biophilic design. In 
this study, attributes from two categories, direct experience of nature and indirect 
experience of nature, were used. There are limited studies that consider the third 
category, experience of space and place, for designing in IVE. 
Finally, this research is the first step to investigate the advantage of the connection 
between human and nature in Immersive Virtual Reality, and more research needs to 
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APPENDIX B. IPQ - SURVEY 
General 
1- In the computer-generated world, I had a sense of "being there." 
 None at all 
 A little 
 A moderate amount 
 A lot 
 A great deal 
Spatial Presence 
1- Somehow, I felt that the virtual world surrounded me. 
 Strongly disagree 
 Somewhat disagree 
 Neither agree nor disagree 
 Somewhat agree 
 Strongly agree 
2- I felt like I was just perceiving pictures. 
 Strongly disagree 
 Somewhat disagree 
 Neither agree nor disagree 
 Somewhat agree 
 Strongly agree 
3- I did not feel present in the virtual space. 
 Did not feel present 
 Neutral 
 Felt present 
4- I had a sense of acting in the virtual space, rather than operating something from 
outside. 
 Strongly disagree 
 Somewhat disagree 
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 Neither agree nor disagree 
 Somewhat agree 
 Strongly agree 
5- I felt present in the virtual space. 
 Strongly disagree 
 Somewhat disagree 
 Neither agree nor disagree 
 Somewhat agree 
 Strongly agree 
Involvement 
1- How aware were you of the real world surrounding while navigating in the virtual 
world? (i.e., sounds, room temperature, other people, etc.)? 
 Extremely unaware 
 Somewhat unaware 
 Neutral 
 Somewhat aware 
 Extremely aware 
2- I was not aware of my real environment. 
 Strongly disagree 
 Somewhat disagree 
 Neither agree nor disagree 
 Somewhat agree 
 Strongly agree 
3- I still paid attention to the real environment. 
 Strongly disagree 
 Somewhat disagree 
 Neither agree nor disagree 
 Somewhat agree 
 Strongly agree 
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4- I was completely captivated by the virtual world. 
 Strongly disagree 
 Somewhat disagree 
 Neither agree nor disagree 
 Somewhat agree 
 Strongly agree 
Experienced Realism 
1- How real did the virtual world seem to you? 
 Strongly disagree 
 Somewhat disagree 
 Neither agree nor disagree 
 Somewhat agree 
 Strongly agree 
2- How much did your experience in the virtual environment seem consistent with 
your real world experience? 
 A great deal 
 A lot 
 A moderate amount 
 A little 
 None at all 
3- How real did the virtual world seem to you? 
 Extremely unreal 
 Somewhat unreal 
 Neutral 
 Somewhat real 
 Extremely real 
4- The virtual world seemed more realistic than the real world. 
 Strongly disagree 
 Somewhat disagree 
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 Neither agree nor disagree 
 Somewhat agree 
 Strongly agree 
Each item is rated on a 5-point scale as follows:  
1 Strongly disagree Extremely unreal None at all  Extremely unaware  
2 Somewhat disagree Somewhat unreal A little Somewhat unaware 
3 Neither agree nor disagree Neutral A moderate amount Neutral 
4 Somewhat agree Somewhat real A lot Somewhat aware 















APPENDIX C. NEGATIVE AFFECT 
 
Subject NA (BIOPHILIC) IN-SITU NA (NO BIOPHILIC) IN-SITU NA (BIOPHILIC) VR NA (NO BIOPHILIC) VR 
person 1 13 10 10 11 
person 2 22 28 10 13 
person 3 11 12 12 11 
person 4 11 12 11 11 
person 5 10 10 10 10 
person 6 12 11 11 11 
person 7 10 10 11 10 
person 8 11 15 12 15 
person 9 11 12 17 22 
person 10 11 15 11 14 
person 11 11 20 13 33 
person 12 10 10 10 10 
person 13 10 10 13 13 
person 14 10 10 10 10 
person 15 13 13 11 15 
person 16 11 10 12 12 
person 17 10 14 10 10 
person 18 11 11 14 14 
person 19 14 16 14 11 
person 20 11 17 13 16 
person 21 17 16 23 25 
person 22 10 10 10 10 
person 23 10 10 13 13 
person 24 10 10 11 11 
person 25 12 11 11 11 
person 26 10 10 10 10 
person 27 15 16 14 14 
person 28 12 11 10 12 
person 29 11 11 11 12 




APPENDIX D. POSITIVE AFFECT 
 
Subject PA (BIOPHILIC) IN-SITU PA (NO BIOPHILIC) IN-SITU PA (BIOPHILIC) VR PA (NO BIOPHILIC) VR 
person 1 18 10 14 13 
person 2 26 22 40 40 
person 3 21 16 22 16 
person 4 17 18 28 24 
person 5 20 20 25 22 
person 6 20 19 18 17 
person 7 19 18 19 23 
person 8 26 28 30 24 
person 9 22 22 26 25 
person 10 23 18 22 13 
person 11 40 22 34 18 
person 12 27 24 23 23 
person 13 22 23 29 29 
person 14 40 37 33 34 
person 15 21 18 27 19 
person 16 34 30 33 31 
person 17 36 32 31 29 
person 18 43 45 47 43 
person 19 31 31 41 42 
person 20 36 35 34 38 
person 21 30 25 29 26 
person 22 21 14 19 16 
person 23 24 16 26 33 
person 24 15 12 13 11 
person 25 37 32 32 38 
person 26 28 28 26 27 
person 27 18 13 23 29 
person 28 31 32 37 37 
person 29 47 26 47 28 















WM % (BIOPHILIC) 
IN-SITU 
person 1 17.00 14.00 14 45.00 75.00 
person 2 18 17 13 48.00 80.00 
person 3 18 17 18 53.00 88.33 
person 4 18 18 14 50.00 83.33 
person 5 17 15 13 45.00 75.00 
person 6 18 18 16 52.00 86.67 
person 7 20 19 12 51.00 85.00 
person 8 19 19 15 53.00 88.33 
person 9 19 17 14 50.00 83.33 
person 10 19 19 15 53.00 88.33 
person 11 18 19 12 49.00 81.67 
person 12 19 19 11 49.00 81.67 
person 13 20 18 17 55.00 91.67 
person 14 17 16 13 46.00 76.67 
person 15 19 20 15 54.00 90.00 
person 16 19 17 15 51.00 85.00 
person 17 16 14 16 46.00 76.67 
person 18 14 19 11 44.00 73.33 
person 19 18 14 12 44.00 73.33 
person 20 19 17 14 50.00 83.33 
person 21 19 17 18 54.00 90.00 
person 22 18 18 17 53.00 88.33 
person 23 18 17 16 51.00 85.00 
person 24 20 18 18 56.00 93.33 
person 25 18 20 13 51.00 85.00 
person 26 19 19 17 55.00 91.67 
person 27 20 19 17 56.00 93.33 
person 28 17 16 13 46.00 76.67 
person 29 18 18 15 51.00 85.00 
person 30 19 20 17 56.00 93.33 
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APPENDIX F. WORKING MEMORY - (NO BIOPHILIC) IN-SITU 
 
 
C (NO BIOPHILIC) 
IN-SITU 
CS (NO BIOPHILIC) 
IN-SITU 




WM % (NO 
BIOPHILIC) IN-SITU 
person 1 18 13 15 46 76.67 
person 2 18 15 14 47 78.33 
person 3 16 14 13 43 71.67 
person 4 18 16 12 46 76.67 
person 5 19 14 12 45 75.00 
person 6 20 18 18 56 93.33 
person 7 19 20 11 50 83.33 
person 8 16 14 13 43 71.67 
person 9 18 20 12 50 83.33 
person 10 18 18 11 47 78.33 
person 11 19 18 13 50 83.33 
person 12 17 19 13 49 81.67 
person 13 20 20 15 55 91.67 
person 14 19 16 12 47 78.33 
person 15 19 20 15 54 90.00 
person 16 19 16 12 47 78.33 
person 17 15 16 16 47 78.33 
person 18 18 17 13 48 80.00 
person 19 19 14 13 46 76.67 
person 20 17 15 16 48 80.00 
person 21 18 15 15 48 80.00 
person 22 15 17 14 46 76.67 
person 23 20 18 17 55 91.67 
person 24 19 19 17 55 91.67 
person 25 17 19 12 48 80.00 
person 26 19 19 16 54 90.00 
person 27 19 18 14 51 85.00 
person 28 18 19 11 48 80.00 
person 29 17 17 14 48 80.00 
person 30 17 19 18 54 90.00 
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APPENDIX G. WORKING MEMORY - (BIOPHILIC) VR 
 
 
C (BIOPHILIC) VR CS (BIOPHILIC) 
VR 
S (BIOPHILIC) VR WM (BIOPHILIC) 
VR 
WM % (BIOPHILIC) VR 
person 1 17 16 12 45 75.00 
person 2 19 20 18 57 95.00 
person 3 17 15 16 48 80.00 
person 4 18 17 13 48 80.00 
person 5 15 16 9 40 66.67 
person 6 18 19 15 52 86.67 
person 7 18 19 14 51 85.00 
person 8 18 17 13 48 80.00 
person 9 19 17 15 51 85.00 
person 10 19 18 11 48 80.00 
person 11 17 16 16 49 81.67 
person 12 18 17 14 49 81.67 
person 13 16 18 17 51 85.00 
person 14 16 18 14 48 80.00 
person 15 20 18 13 51 85.00 
person 16 18 15 14 47 78.33 
person 17 16 18 14 48 80.00 
person 18 15 16 14 45 75.00 
person 19 16 17 18 51 85.00 
person 20 15 18 12 45 75.00 
person 21 18 17 12 47 78.33 
person 22 14 20 17 51 85.00 
person 23 19 15 16 50 83.33 
person 24 19 20 15 54 90.00 
person 25 19 19 10 48 80.00 
person 26 17 20 13 50 83.33 
person 27 19 20 13 52 86.67 
person 28 18 19 13 50 83.33 
person 29 18 19 16 53 88.33 
person 30 20 19 16 55 91.67 
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APPENDIX H. WORKING MEMORY - (NO BIOPHILIC) VR 
 
 








WM % (NO BIOPHILIC) 
VR 
person 1 13 16 14 43 71.67 
person 2 14 19 13 46 76.67 
person 3 14 19 13 46 76.67 
person 4 19 18 15 52 86.67 
person 5 18 19 11 48 80.00 
person 6 19 19 15 53 88.33 
person 7 18 20 13 51 85.00 
person 8 14 19 13 46 76.67 
person 9 19 20 11 50 83.33 
person 10 19 19 14 52 86.67 
person 11 15 16 15 46 76.67 
person 12 17 18 17 52 86.67 
person 13 17 14 15 46 76.67 
person 14 17 14 16 47 78.33 
person 15 20 20 15 55 91.67 
person 16 17 14 16 47 78.33 
person 17 16 16 15 47 78.33 
person 18 12 14 16 42 70.00 
person 19 18 16 13 47 78.33 
person 20 18 14 15 47 78.33 
person 21 19 17 12 48 80.00 
person 22 15 18 14 47 78.33 
person 23 16 16 15 47 78.33 
person 24 20 19 17 56 93.33 
person 25 17 19 13 49 81.67 
person 26 20 19 16 55 91.67 
person 27 19 17 14 50 83.33 
person 28 17 19 12 48 80.00 
person 29 15 18 16 49 81.67 
person 30 20 19 20 59 98.33 
64 
 
APPENDIX I. IPQ - GENERAL 
 
 
General  Biophilic General% Biophilic General No Biophilic General%  No Biophilic 
person 1 5 100 4 80 
person 2 4 80 4 80 
person 3 2 40 3 60 
person 4 4 80 4 80 
person 5 4 80 4 80 
person 6 3 60 4 80 
person 7 2 40 3 60 
person 8 4 80 4 80 
person 9 5 100 5 100 
person 10 3 60 3 60 
person 11 3 60 2 40 
person 12 3 60 5 100 
person 13 3 60 2 40 
person 14 3 60 3 60 
person 15 3 60 2 40 
person 16 4 80 4 80 
person 17 2 40 3 60 
person 18 3 60 4 80 
person 19 3 60 2 40 
person 20 5 100 5 100 
person 21 4 80 3 60 
person 22 3 60 4 80 
person 23 4 80 4 80 
person 24 4 80 4 80 
person 25 4 80 5 100 
person 26 4 80 5 100 
person 27 3 60 2 40 
person 28 5 100 3 60 
person 29 3 60 3 60 











Spatial Presence  No 
Biophilic 
Spatial Presence%  No 
Biophilic 
person 1 17 68 19 76 
person 2 19 76 20 80 
person 3 13 52 19 76 
person 4 19 76 19 76 
person 5 21 84 21 84 
person 6 20 80 19 76 
person 7 18 72 19 76 
person 8 17 68 18 72 
person 9 20 80 22 88 
person 10 18 72 19 76 
person 11 16 64 19 76 
person 12 18 72 17 68 
person 13 16 64 18 72 
person 14 18 72 15 60 
person 15 18 72 19 76 
person 16 21 84 20 80 
person 17 17 68 17 68 
person 18 18 72 16 64 
person 19 14 56 19 76 
person 20 18 72 20 80 
person 21 21 84 21 84 
person 22 21 84 18 72 
person 23 17 68 20 80 
person 24 21 84 21 84 
person 25 20 80 22 88 
person 26 21 84 17 68 
person 27 15 60 12 48 
person 28 16 64 17 68 
person 29 19 76 14 56 
person 30 21 84 17 68 
66 
 
APPENDIX K. IPQ - INVOLVEMENT 
 
 
Involvement Biophilic Involvement% Biophilic Involvement  No Biophilic Involvement%  No Biophilic 
person 1 15 75 14 70 
person 2 12 60 14 70 
person 3 11 55 12 60 
person 4 7 35 9 45 
person 5 10 50 13 65 
person 6 13 65 13 65 
person 7 12 60 13 65 
person 8 14 70 15 75 
person 9 13 65 14 70 
person 10 12 60 12 60 
person 11 12 60 13 65 
person 12 11 55 11 55 
person 13 11 55 10 50 
person 14 11 55 14 70 
person 15 12 60 11 55 
person 16 11 55 11 55 
person 17 13 65 14 70 
person 18 10 50 9 45 
person 19 12 60 11 55 
person 20 14 70 15 75 
person 21 12 60 12 60 
person 22 13 65 16 80 
person 23 13 65 18 90 
person 24 12 60 13 65 
person 25 12 60 18 90 
person 26 13 65 14 70 
person 27 12 60 14 70 
person 28 10 50 10 50 
person 29 12 60 15 75 
person 30 12 60 14 70 
67 
 
APPENDIX L. IPQ - REALNESS 
 
 
Realness Biophilic Realness% Biophilic Realness  No Biophilic Realness%  No Biophilic 
person 1 18 90 14 70 
person 2 12 60 11 55 
person 3 9 45 8 40 
person 4 14 70 13 65 
person 5 13 65 13 65 
person 6 13 65 14 70 
person 7 10 50 9 45 
person 8 14 70 13 65 
person 9 13 65 14 70 
person 10 13 65 13 65 
person 11 10 50 9 45 
person 12 13 65 14 70 
person 13 8 40 6 30 
person 14 11 55 9 45 
person 15 13 65 13 65 
person 16 10 50 12 60 
person 17 13 65 9 45 
person 18 12 60 13 65 
person 19 6 30 9 45 
person 20 15 75 19 95 
person 21 12 60 13 65 
person 22 15 75 15 75 
person 23 12 60 14 70 
person 24 13 65 13 65 
person 25 13 65 16 80 
person 26 14 70 12 60 
person 27 9 45 6 30 
person 28 16 80 10 50 
person 29 13 65 10 50 
person 30 15 75 14 70 
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APPENDIX M. LF HEART RATE 
 
Subject LF (BIOPHILIC) 
IN-SITU 
LF (NO BIOPHILIC) IN-
SITU 
LF (BIOPHILIC) VR LF (NO BIOPHILIC) VR 
person 1 65.90% 65.80% 68.60% 68.30% 
person 2 61.00% 65.80% 68.60% 68.30% 
person 3 70.90% 54.00% 68.20% 68.90% 
person 4 51.10% 55.40% 70.30% 57.30% 
person 5 63.10% 68.40% 45.30% 49.00% 
person 6 53.60% 53.00% 83.40% 84.10% 
person 7 75.10% 73.60% 77.80% 73.30% 
person 8 75.60% 86% 87.20% 79.80% 
person 9 56.20% 32.80% 56.20% 51.10% 
person 10 45.10% 38% 59.70% 40.20% 
person 11 54.60% 44.20% 54.60% 44.20% 
person 12 63.80% 27.50% 66.50% 35.70% 
person 13 58.70% 54.50% 58.20% 68.30% 
person 14 86.40% 79.20% 86.40% 79.20% 
person 15 90.40% 86.10% 69.70% 74.60% 
person 16 50.00% 44% 27.90% 48.00% 
person 17 77.30% 21% 56.60% 66.10% 
person 18 23.50% 49.50% 56.60% 66.10% 
person 19 55.30% 56% 56.40% 52.00% 
person 20 86.10% 88.00% 80.50% 82.30% 
person 21 72.20% 78.10% 78.70% 82.30% 
person 22 58.10% 64.70% 80.00% 91.30% 
person 23 34.40% 60.10% 38.60% 52.00% 
person 24 49.70% 35% 34.70% 35.70% 
person 25 56.10% 77% 34.70% 35.70% 
person 26 76.90% 78% 78.80% 43.90% 
person 27 34.60% 69% 56.30% 66.40% 
person 28 90.50% 90.60% 87.20% 83.40% 
person 29 54.60% 41.50% 43.50% 46.60% 
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